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1. Bl ocking Requirenents
The H RDLS Instrunment Requirenents Docurment (IRD) (SP-H R-18) gives the
requi renents for the spectral response of the H RDLS optical systemto be:

2.4.3 Qut-of-Band Response

The out - of -band response is defined as the total integrated response outside
of the points where the relative spectral response is 0.2% \Wen view ng

t he at nosphere over the sounding ranges listed in Table 2, the out-of-band
radi ance nmust be at nobst the greater of: (1) 1% of the in-band radi ance or
(2) 200% of the radionetric noise specified in Table 1 (TBV), with 50% as
the design goal. Wien viewing the in-flight calibration (IFC blackbody,

t he out - of -band radi ance nust be at nost 1% of the in-band radi ance. These
requi renents nust be maintai ned over the operational lifetine of the
instrument in orbit.’

Cal cul ations given here are based on the design goal given above (i.e. 50%
of radionetric noise), as opposed to the hard requirenment (200%. In this
note the termblocking is used to refer to the reduction of out-of-band
radi ance to acceptable | evels.

2. Spectral Calculations for Grey Bl ocking

This section deals with the sinple idealised case, which is for an

out - of - band response that is independent of frequency. In this case it is

possi ble to cal culate the single value of out-of-band transm ssion that will
neet the requirements for a given channel. The requirenents will be different
for viewi ng the atnosphere and the calibration target, and the nost severe wl|l
need to be used.

The cal cul ati ons have been performed between 350 and 2140 cm 1. These
wavenunber limts were chosen because it was assunmed that optical conponents
could be sel ected which were opaque el sewhere. The proportions of the total
integrated Planck funtion that fall within these regions are given in Table 1

TABLE 1

o e e e e e e oo o m e e e e e m e e e e e e +
| Wavenunber | Tenperature (K) |
| interval (cm1l) | 200 250 300 |
oo o i aaiaioooo +
| <350 | 0.29 0.18 0.12

| 350- 2140 | 0.71 0.81 0. 87

| >2140 | 1.4E-4 1. 7E-3 7.9E-3
oo o i +

The cal cul ati ons used neans over 10 cm1 intervals of the linmb path
absorption of the inmportant gaseous absorbers cal cul ated every 0.0005 cm 1 by
line-by-l1ine nmethods. Tabul ati ons were avail able for heights of 10, 20, 30, 40,
50, 60 and 70 km The emi ssion for each 10 cm 1 interval for a given hei ght was
obtained by nultiplying the Iinb opacity for that tangent hei ght by the Planck
function at that height. This is a valid approxi mati on for nmost optically thin
(i.e. low opacity) cases, which are relevant for nobst of the heights and
frequenci es consi dered here. \Were the opacity approaches unity this
approxi nati on uses a tenperature for too | ow a tangent hei ght. For each channel
t he radi ance was integrated over the nominal 50% poi nts passband (interpolating
between 10 cm 1 points as necessary); this is called the 'in-band radi ance'.
This was conpared with that integrated over the whole spectral range but
excl udi ng the nom nal passband, denoted the 'out-of-band radi ance'

It is required that the out-of-band radi ance should not exceed 1% of the
i n-band radi ance. However at high altitudes where the in-band radi ance becones
very snmall this criterion requires an out-of-band radi ance that nay be so snal
as to be totally unmeasurabl e hence uni mportant. Consequently the out-of-band
radi ance is not required to be less than 0.5 of the specified noise equival ent



radi ance (NEN) of the channel in question. Values of NEN obtained fromthe

I nst runment Requirenents Document are given in Table 2. The val ue of out-of-band
rejection relative to mean in-band transm ssion was then cal cul ated as

MAX( 0. 01*i n-band, NEN*0.5) / (out-of-band).

The cal cul ati ons were performed for each tangent height for which the
I nst rument Requirenents Docurment specifies that atnospheric radiances are to be
nmeasured. These heights are reproduced in Table 2. It should be noted that for
several channels (notably the aerosol channels) the range extends higher than
| evel s where significant enissions are normally expected. The | owest rejection
value is given in Table 2 as being that necessary to neet the requirenents for
vi ewi ng the atnmosphere throughout the specified height range. (Note that the
value was interpolated linearly between the 10 km | evel s).

The cal cul ati ons were al so nade for a 300 K black (i.e. perfectly
opaque) target and the requirenent presented separately in Table 2.

I nspection of Table 2 shows some interesting results. For channels 2-5
(carbon dioxide) and 11 (high altitude ozone) the black body requirenents are
nore severe than for view ng the atnosphere. This is because the atnmospheric
em ssions in these pass bands are nmuch greater than the average across the
spectrum Indeed for the CO2 bands nost of the out-of-band atnmospheric
radi ati on conmes from CO2 at nearby wavel engths, so would be [ ess of a problem
(provided that the | eaks were adequately neasured) than out-of-band radiation
from ot her gases. The other extreme occurs with aerosol bands. Here the in-band
em ssion is intended to be small, and the atnpbspheric case needs better
out - of -band rejection than the 300K black target. For the cases of enmitters
whose mi xing ratios decrease rapidly with height (the CFCs, HNO3, etc and al so
nost of the wi ndow channel enitters), starting at 8 kmand noving up, the
out - of - band transm ssion requirement becones nore severe since the in-band
radi ance is decreasing nore rapidly than the spectrumw de average. At sone
hei ght however the out-of-band requirenent reaches NEN*0.5; above this hei ght
t he out-of-band requirenent stays constant while the in-band radi ance conti nues
to fall, so the requirenments again beconmes | ess severe. Hence in these cases
the requirenent is nbost severe at sone mid point in the height range where the
i n-band signal is 50*NEN



It should be re-enphasi sed that these out-of-band transnmi ssions are
relative to the mean transni ssion across the nom nal passband, e.g. if the nean
transm ssion across the passband for channel 1 were 60% then the transm ssion
at all wavel engths renote fromthe passband should be | ess than 60% of the
figure quoted of 1.2E-4, i.e. less than 0.72E-4.

TABLE 2 - calcul ated maxi num perm ssi bl e grey out-band-transni ssions for the
nmost difficult atmospheric view and a 300K bl ack target.
Channel Height range Nom nal Tar get NEN Grey bl ocking requirenments
Number assuned (km) FWHH cm1 species (note 2) Atnosphere 300K target
(note 3) (note 4)
1 8-70 563- 588 N20 12 1. 2E-4 3. 2E-04
2 8- 40 600- 615 cox2 6.3 2.9E-4 2. 0E-04
3 8- 60 610- 640 cx2 5.9 1.1E-3 3.9E- 04
4 15- 60 626- 660 cox2 6.0 1. 6E-3 4. 4E- 04
5 30- 105 655- 680 cx2 4.3 2. 4E-3 3. 2E-04
6 8- 55 821- 836 Aerosol 1.9 9. 4E-6 1. 7E-04
7 8- 50 835- 853 CFCl1 2.0 1. 2E-5 1.9E-04
8 8-70 860- 905 HNG3 2.1 2.7E-5 4. 6E- 04
9 8- 50 915- 933 CFC12 2.0 1. 2E-5 1. 7E-04
10 8- 55 985- 1005 a3 1.5 1.3E-4 1. 7E-04
10* 8- 55 990- 1010 a3 1.5 1.5E-5 1. 7E-04
11 30- 85 1020- 1070 a3 2.4 1. 0E-3 3. 8E-04
11~ 30- 85 1011-1048 a3 2.4 7.4E-4 2.9E- 04
12 8- 55 1120- 1140 a3 0. 96 3.8E-5 1.3E-04
13 8- 55 1200- 1220 Aerosol 1.1 6. 8E- 6 1.1E-04
14 8- 60 1229- 1260 N2C6 1.1 1.8E-5 1.5E-04
15 8-70 1256- 1282 N20O 1.1 1. 7E-5 1. 2E-04
16 8-70 1278-1299 CLONO2 1.1 1.5E-5 9. 2E- 05
17 8- 80 1324-1369 CH4 1.2 2.3E-5 1. 7E-04
18 8- 40 1385- 1435 H20 1.2 1. 2E-5 1. 6E-04
19 8- 55 1402- 1416 Aerosol 1.3 6. 4E- 6 4. 6E- 05
20 15-85 1422- 1542 H20 1.6 4.3E-5 3. 1E- 04
21 8-70 1582-1634 NO2 1.1 1.4E-5 9. 3E-05

notes on Table 2:

1) Passband, channel nunber and noi se equi val ent radi ance are those given in
the I nstrunment Requirenents Docunent SC-H R-18J Table 1. The bl ocking
requi renent does not depend critically on the passbhand.

2) The NEN (noi se equival ent radiance) is given in units of
10E-4 Wnt*2/ster and is the maxi mum perni ssi bl e standard devi ati on of
detector noise for the specified passband for a neasurenment tine
bandwi dth of 7.5 Hz. These values are taken from SC-H R-18J) Table 1

3) The hei ght ranges used were obtained from Table 2 of SC-H R-18J.

4) To be consistent with the atnospheric calcul ations the bl ack target
cal cul ations were performed over the same spectral interva
(350-2140cm 1). Val ues applicable to the whole frequency range
(O-infinity) could be obtained by multiplying by the value of 0.87
obt ai ned from Tabl e 1.

5) The two passbands marked by * (for channels 10 and 11) are alternatives
that are proposed in Rev J of the IRD



3. Frequency-dependant out-of-band transm ssion

The above cal cul ations assune a grey bl ocker, i.e. transm ssion

i ndependent of frequency. Clearly it is admissible to make the bl ocking better
than this requirenent at sone or all frequencies. However with a variable

bl ocking level it is not in general sufficient just to nmeet this I evel of

bl ocki ng on average over the whol e spectrum since the frequencies of poorer

bl ocki ng m ght happen to be where the atnospheric em ssion spectrumis
strongest.

This rai ses the question of whether it is worth trying to naxinise the

bl ocking at critical wavelengths while allowing it to degrade at others. No way
could be devised to do this optimally, mainly because this would require a

val ue judgenent of how difficult it is to provide bl ocking at one wavel ength
conpared with another. However it should be noted that the najor emtters at

hei ght altitude (>40 km} are carbon dioxide in the 620-730 cm1 interval and
ozone in the 990-1070 cm 1 interval, and that factors of 10 additional bl ocking
agai nst these speci es may be advantageous for channels that do not include
these intervals. In addition the Planck function has very large variations over
t he whol e spectral interval, peaking near to the |long wavel ength end, so the
need for blocking is correspondingly greater at increasing wavel ength.

In order to facilitate cal culations for frequency-dependant bl ocking, a
Lotus 123-conpati bl e spread sheet has been produced that cal cul ates in-band and
out - of band radiances and their ratio at each height.

Annex 1 was printed fromthis spread sheet which contains the follow ng data:
ROANS 1 & 2 annotation or blank

ROW 3, cols 4, 8, 12, etc: Tangent heights of linmb paths (10-70 km although
40-70 kmare onitted fromthe printout because they could not be

acconmodat ed on the page) in appropriate colums ( VALUE)
ROW 4, cols 4, 8, 12 ..28: Tenperatures for these tangent heights (K) (VALUE)
ROW 4, col 32: Tenperature used for black calibration target (K) ( VALUE)

ROWS 5-8: annotation

ROWS 9- 187 COLUWNS:

1) Frequency in cm1l ( VALUE)
2) Filter transmission to be used to cal culate the in-band radi ance ( VALUE)
3) Filter transnission to be used to cal cul ate the out-of-band radi ance( VALUE)
4) Planck function for height given in row 3 at tenperature given in

row 4 ( FORMULA)
5) Linmb path absorption for this height and wavenumnber ( VALUE)
6) I n band radi ance (product of cols 2, 4 and 5) ( FORMULA)
7) CQut-of-band radi ance (product of cols 3, 4 and 5) ( FORMULA)

Columms 4-7 are then repeated for each of the 6 other tangent heights

32) Planck function for black target at tenperature given in row 4 ( FORMULA)
33) In band radiance for calibration target (product of cols 2, & 32) (FORMUILA)
34) Qut-of-band radiance for cal. target (product of cols 3, and 32) (FORMULA)
35) Copy of colum 1 (frequency in cm1l) ( FORMULA)
ROW 188 bl ank

ROW 189, COLUWNS:

1-5) Annotation or blank

6) Sum of in band radiance fromrows 9-187 colum 6 *10 ( FORMULA)



7) Sum of out-of-band radiance fromrows 9-187 colum 6 *10 ( FORMULA)
Columms 4-7 are then repeated for each of the 6 remaining tangent heights, and
the calibration target in the appropriate colums.

ROW 190, COLUWNS

1-5 Annotation or blank

7) Maxi num permtted out-of-band radi ance (in-band*0.01 from RON 189 COL 6 or
NEN*0. 5 whi chever is greater) ( FORMULA)

Columms 4-7 are then repeated for each of the 6 renmining tangent hei ghts, and

the calibration target in the appropriate colums.

ROW 191, COLUWNS
7) Margin ratio (requirenment/actual out-of-band) from ROAS 190,191 col 7

i.e. >1 is required ( FORVULA)
Columms 4-7 are then repeated for each of the 6 renmining tangent hei ghts, and
the calibration target in the appropriate colums.

(VALUE after an entry means that the spreadsheet cell contains a nunerical
val ue; FORMULA neans that the cell contains a formula which presents a val ue
obt ai ned by nani pul ati ng other cell entries)

The spread sheet is used as foll ows:

The NEN for the channel should be entered at the top of the spreadsheet

in the appropriate cell. The filter transm ssion to be used to calculate the

i n-band radiance is entered into colum 2; this should be entered as zero (or

| eft blank) outside the passband, and shoul d have appropriate transm ssions

i nsi de the passband. The table only provides for a resolution of 10 cm 1, hence
the calculation will be approxinmate. For each wavenunber this filter

transmi ssion is automatically multiplied by the Planck function and the |inb
transm ssion for each tangent height, and the result is printed by the spread
sheet fornmulae in colums 6, 10, 14, etc. The sum of these colums mnultiplied
by the interval width (10 cm1) is printed at the bottom and represents the

i n-band flux at each tangent height and for a black calibration target in units
of mWnr*2/ster.

The out - of -band radi ances are sinlarly calculated automatically from

t he bl ocking transmittance which is entered into colum 3 (the bl ocki ng
transmttance should ideally be set to zero inside the passband, although
negligible error will result if some |low level of transmission if carried
across the passband). The radi ance contributions are cal culated (by multiplying
t he bl ocki ng transm ssion by the Planck function by the Iinb absorption) and
printed in colums 7, 11, 15, etc, and the suns multiplied by the Interva

wi dth given are at the bottomas the total out of band fl ux.

The maxi mum permnitted out-of-band radi ance is then shown (NEN*0.5 or 1.0%

of the in-band radi ance, whichever is the greater), and then the ratio by which
the requirenent is greater than that expected. These ratios should exceed 1 for
all of the height range and for the calibration target.

The expectation is that the user woul d generate a separate copy of this

spread sheet for each passband. The details of the filter and the out-of - band
transm ssions woul d be entered for each frequency (this is relatively easy
using the spread sheet replication commands; if necessary the out-of -band

val ues could be generated with a polynomal formula using a few coefficients).
The spreadsheet would then cal cul ate radiance ratios for each height. If these
were unsati sfactory, the blocking curves would be nodified, e.g. at wavel engths
where the bl ocking was seen to be passing excessive radiance, unti

satisfactory performance was obtained at all heights.



Annex 1. Printout from spreadsheet used to cal culate in-band and out-of -band responses.

This exanple is for Channel 10 (nominally 985-1005 cm1 FWHH). The colums for 40, 50, 60 and 70 kmare onitted because of the difficulty of
printing.

Channel : 10 Target gas: Qzone NEN (mw/ nt*2/ster) 0. 15

Hei ght : | 10 km | 20 km | 30 km | | Black calibration
target|

Tenper at ure: | 210 | 220 | 240 | | 300
I
| I I I | 4 |

Freq filter Bl ocking |Planck Li mb Radi ances | Pl anck Li nb Radi ances | Pl anck Li mb Radi ances | 0 |Planck
Radi ances | freq

cml transm transmm | Fn absorptn filt unwanted| Fn absorptn filt unwanted| Fn absorptn filt unwanted| |  Fn filt
unwanted| cm1
| I I I | to |

355 0 0.00013 | 51.303 0.780 0 0.0052 | 57.952 0.219 0 0.00165 | 71.994 0.063 0 0.00059 | | 118. 700 0
0.01543 | 355

365 0 0.00013 | 51.740 0.338 0 0.00228 | 58.598 0.055 0 0.00042 | 73.123 0.013 0 0.00013 | 7 |121.706 0
0.01582 | 365

375 0 0.00013 | 52.086 0.485 0 0.00328 | 59.146 0.104 0 0.0008 | 74.140 0.029 0 0.00028 | O |124.579 0
0.0162 | 375

385 0 0.00013 | 52.345 0.360 0 0.00245 | 59.598 0.073 0 0.00057 | 75.047 0.019 0 0.00018 | | 127. 318 0
0.01655 | 385

395 0 0.00013 | 52.520 0.477 0 0.00326 | 59.956 0.122 0 0.00095 | 75.845 0.037 0 0.00037 | k |129.920 0
0.01689 | 395

405 0 0.00013 | 52.613 0.158 0 0.00108 | 60.223 0.023 0 0.00018 | 76.535 0.006 0 6E-05| m |132.385 0
0.01721 | 405

415 0 0.00013 | 52.627 0.349 0 0.00239 | 60.403 0.097 0 0.00076 | 77.120 0.028 0 0.00028 | | 134. 710 0
0.01751 | 415

425 0 0.00013 | 52.566 0.249 0 0.0017 | 60.496 0.040 0 0.00031 | 77.602 0.010 0 9.9E-05 | o |136.895 0
0.0178 | 425

435 0 0.00013 | 52.432 0.145 0 0.00099 | 60.508 0.024 0 0.00019 | 77.983 0.006 0 6.5E-05 | m |138.939 0
0.01806 | 435

445 0 0.00013 | 52.230 0.200 0 0.00136 | 60.441 0.044 0 0.00035 | 78.266 0.013 0 0.00013 | i |140.843 0
0.01831 | 445

455 0 0.00013 | 51.963 0.245 0 0.00166 | 60.298 0.061 0 0.00048 | 78.453 0.018 0 0.00018 | t |142.607 0
0.01854 | 455

465 0 0.00013 | 51.634 0.076 0 0.00051 | 60.083 0.012 0 9.5E-05 | 78.549 0.004 0 4.1E-05 | t |144.232 0
0.01875 | 465

475 0 0.00013 | 51.247 0.173 0 0.00115 | 59.799 0.043 0 0.00034 | 78.554 0.012 0 0.00013 | e |145.718 0
0.01894 | 475
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1915
0
1925
0
1935
0
1945
0
1955
0
1965
0
1975
0
1985
0
1995
0
2005
0
2015
0

2025

o O O O o O o o o o o o

. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003
. 0003

o O O O O O o o o o o o

. 1677
. 1591
. 1508
. 1431
. 1357
. 1286
. 1220
. 1156
. 1096
. 1039
. 0985
. 0933

© ©o o o 0o o0 o o o o 0o

. 480

353
348
220
120
170
046
059
143
089

. 197
. 225

o O O O o O o o o o o o

o o N A

R o A © P PN

. 4E- 05
. 7TE-05
. 6E- 05
. 4E- 06
. 9E- 06
. 5E- 06
. 7TE- 06

2E- 06

. 7TE- 06
. 8E- 06
. 8E- 06
. 3E-06

o O O O o O o o o o o o

. 3044
. 2897
. 2756
. 2622
. 2494
. 2372
. 2256
. 2145
. 2040
. 1940
. 1844
. 1753

o O O O o o o o o o o o

.121
. 084
. 125
. 053
. 026
. 039
. 016
. 026
. 054
. 054
. 103
. 124

o O O o o o o o o o o o

o O W W R N P b

. 1E-05
. 3E-06

1E- 05

. 1E-06
. 9E- 06
. 8E-06
. 1E-06
. 7TE-06
. 3E-06
. 2E-06
. 7TE-06
. 5E- 06

o O O O o o o o o o o o

. 8644
. 8270
. 7911
. 7566
. 7237
. 6921
. 6618
. 6328
. 6050
. 5784
. 5530
. 5286

© ©o o o 0o o0 o0 o o o 0o

032
022
035
015
007
012
006
010
020
021
040

. 047

o O O O o O o o o o o o
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. 3E-06
. 6E- 06
. 4E- 06
. 5E- 06
. 6E- 06
. 5E- 06
. 2E- 06
. 9E- 06
. 6E- 06
. 7TE- 06
. 6E- 06
. 4E- 06

g o o o o N N N N 0 0 ©

. 588

315
049
792
542
300
065
837
616
401

. 193
. 992

o O O O o O o o o o o o



2035 0 0.0003 |
0.00174 | 2035

2045 0 0.0003 |
0.00168 | 2045

2055 0 0.0003 |
0.00163 | 2055

2065 0 0.0003 |
0.00157 | 2065

2075 0 0.0003 |
0.00152 | 2075

2085 0 0.0003 |
0.00147 | 2085

2095 0 0.0003 |
0.00142 | 2095

2105 0 0.0003 |
0.00138 | 2105

2115 0 0.0003 |
0.00133 | 2115

2125 0 0.0003 |
0.00129 | 2125

2135 0 0.0003 |

0.00124 | 2135

I nt egrated radi ances: |
17. 5021 |

Requi r enent |
20. 0283

Margin ratio (>1 means
1.1443 |
I

I
Hei ght : |
target|

Not es:

0.0884  0.362 0
0.0838 0.544 0
0.0794 0.772 0
0.0752 0.875 0
0.0713 0.918 0
0.0675 0.843 0
0.0640 0.860 0
0.0606  0.890 0
0.0574 0.812 0
0.0544  0.912 0
0.0515 0.428 0
164. 784
X)
10 km

[ I N N

. 6E- 06
. 4E- 05
. 8E-05

2E- 05

2E- 05
. 7TE-05
. 7TE-05
. 6E- 05
. 4E- 05
. 5E- 05
. 6E- 06

. 63908
. 64784

. 0052

. 1667
. 1584
. 1506
. 1431
. 1360
. 1293
. 1228
. 1167
. 1109
. 1054

o O O O o O o o o o o

. 1001

20 km

o O O o o o o o o o o

. 191
. 250
. 340
. 513
. 679
. 679
. 773
. 826
. 682
. 846
. 267

o O O o o o o o o o o

226. 342

N N N N N NN PP P ©

. 5E- 06
. 2E-05
. 5E-05
. 2E-05
. 8E-05
. 6E-05
. 8E-05
. 9E- 05
. 3E-05
. 7E-05
8E- 06

1.3283
2.2634

1. 7040

. 5053
. 4829
. 4615
. 4410
. 4214
. 4027
. 3847
. 3676
. 3511
. 3354

o O O o o o o o o o o

. 3204

30 km

© © o 0o o 0o o o o o o

. 070

093
122
219
331
308
400
445
349

. 463
. 125

©O O O © © 0O O o o o o
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213. 402

. 1E-05
. 3E-05
. 7TE-05
. 9E- 05
. 2E-05
. 7TE-05
. 6E- 05
. 9E- 05
. 7TE-05
. 7TE-05
. 2E-05

. 12939
. 13402

. 88953

1) for each height the two integrated radi ances are the in-band and out-of-band respectively in units of miWnr*2/ster.

2) The requirenent is the bigger of the NEN*0.5 and the in-band radi ance *0.01.
3) The margin ratio is requirenent/out-of-band radi ance;
In this case the requirenent

is unfulfilled (at all

hence values of 1 and |larger indicate that the requirenent
hei ghts and for the black target),

. 796
606
423
245
072
905
743
586
433
286

A A M Moo o o o a
O © O o o o o o o o o

. 143

| 2002. 83

| Bl ack calibration

is fulfilled.
hence greater blocking is needed.



